
REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 

The public repcrting burden for this colledion Of information is estimated to average 1 hour per response, 1ndudlng the time for reviewing Instructions, searchlng elristing data 
sources, gathering and maintaining the data needed, and completing and reviewing the collection of information Send comments regarding this burden es1imate or any other 
aspect of thfs colledion of information, lndudlng suggestions for reducing the burden, to Departmen1 or Defense. Washington Headquarters Services, Directorate for Information 
Operalions and Reports (0704-0188). 1215 Jefferson Davis Hillhway, Suite 1204, Arlington. VA 22202-4302. Respcndents should b.e aware that notwithstanding any other 
prov151on Of law, no person shall be subject to any penalty ror failing to com~y wtth a collectlon of information If it does not dlsplay a currently valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 12. REPORT TYPE 3. DATES COVERED (From - To) 

09/05/2017 Final 1 Jun 1 1 to 30 May 17 
4. TITLE AND SUBTITLE Sa. CONTRACT NUMBER 
Mountain Terrain Atmospheric Modeling and Observations (MATERHORN) 
Program Sb. GRANT NUMBER 

N00014-11-1-0709 

Sc. PROGRAM ELEMENT NUMBER 

6. AUTHOR(S) Sd. PROJECT NUMBER 
Harindra J. S. Fernando, Joshua P. Hacker, Fotini Katopodes Chow, Eric 16PR03096 
Pardyjak, Patrick Dunn. Thomas Pratt, Sebastian Hoch, James Steenburgh, Se. TASK NUMBER 
David Whiteman, Zhaoxia Pu, Stephan F.J. de Wekker 

Sf. WORK UNIT NUMBER 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 
UNIVERSITY OF NOTRE DAME DU LAC REPORT NUMBER 

RESEARCH AND SPONSORED PROGRAMS Final 
940 GRACE HALL 
NOTRE DAME, IN 46556-5602 
9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S) 
Office of Naval Research ONR 80025 
875 North Randolph Street 
Arlington, VA 22203-19951 11. SPONSOR/MONITOR'S REPORT 

NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

Approved for public release; distribution unlimited. 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 
The prediction of weather in complex terrain is a difficult challenge due to a host of physical and thermodynamic processes 
and numerical issues involved. While many theoretical and observational studies have been conducted on flow over 
gradually varying low slopes (hills), flow over high mountains with steep slopes of practical consequence under diurnal 
forcing still remains an understudied topic. The atmospheric boundary layer therein is forced by diurnal thermal forcing 
(valley and slope flows), large-scale synoptic influence or a combination thereof, and in all cases the boundary layer is 
replete With interesting sub-grid scale phenomena that are paramount for mesoscale modeling. Continued on final report 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 
a. REPORT b. ABSTRACT c. THIS PAGE 

u u u 

17. LIMITATION OF 18. NUMBER 
ABSTRACT OF 

PAGES 

uu 40 

19a. NAME OF RESPONSIBLE PERSON 

Michael Zenk 

19b. TELEPHONE NUMBER (Include area code) 

574-631-9972 

Standard Fonn 298 (Rev. 8/98) 
Prescribed by ANSI Std. Z39. 1 8 



INSTRUCTIONS FOR COMPLETING SF 298 

1. REPORT DATE. Full publication date, including 
day, month, if available. Must cite at least the year 
and be Year 2000 compliant, e.g. 30-06-1998; 
xx-06-1998; xx-xx-1998. 

2. REPORT TYPE. State the type of report, such as 
final, technical, interim, memorandum, master's 
thesis, progress, quarterly, research, special, group 
study, etc. 

3. DATE COVERED. Indicate the time during 
which the work was performed and the report was 
written , e.g., Jun 1997 - Jun 1998; 1-10 Jun 1996; 
May - Nov 1998; Nov 1998. 

4. TITLE. Enter title and subtitle with volume 
number and part number, if applicable. On classified 
documents, enter the title classification in 
parentheses. 

Sa. CONTRACT NUMBER. Enter all contract 
numbers as they appear in the report, e.g. 
F33315-86-C-5169. 

5b. GRANT NUMBER. Enter all grant numbers as 
they appear in the report. e.g. AFOSR-82-1234. 

Sc. PROGRAM ELEMENT NUMBER. Enter all 
program element numbers as they appear in the 
report, e.g. 61101 A. 

Se. TASK NUMBER. Enter all task numbers as they 
appear in the report, e.g. 05; RF0330201 ; T4112. 

Sf. WORK UNIT NUMBER. Enter all work unit 
numbers as they appear in the report, e.g. 001 ; 
AFAPL30480105. 

6. AUTHOR(S). Enter name(s) of person(s) 
responsible for writing the report, performing the 
research, or credited with the content of the report. 
The form of entry is the last name, first name, middle 
initial, and additional qualifiers separated by commas, 
e.g. Smith, Richard, J, Jr. 

7. PERFORMING ORGANIZATION NAME(S) AND 
ADDRESS(ES). Self-explanatory. 

8. PERFORMING ORGANIZATION REPORT NUMBER. 
Enter all unique alphanumeric report numbers assigned 
by the performing organization, e.g. BRL-1234; 
AFWL-TR-85-4017-Vol-21-PT-2. 

9. SPONSORINGIMONITORING AGENCY NAME(S) 
AND ADDRESS(ES). Enter the name and address of 
the organization(s) financially responsible for and 
monitoring the work. 

10. SPONSORIMONITOR'S ACRONYM(S). Enter, if 
available, e.g. BRL, ARDEC, NADC. 

11 . SPONSORIMONITOR'S REPORT NUMBER(S). 
Enter report number as assigned by the sponsoring/ 
monitoring agency, if available, e.g. BRL-TR-829; -215. 

12. DISTRIBUTION/AVAILABILITY ST A TEMENT. 
Use agency-mandated availability statements to indicate 
the public availability or distribution limitations of the 
report. If additional limitations/ restrictions or special 
markings are indicated, follow agency authorization 
procedures, e.g. RD/FRO, PROPIN, 
ITAR, etc. Include copyright information. 

13. SUPPLEMENTARY NOTES. Enter information 
not included elsewhere such as: prepared in cooperation 
with; translation of; report supersedes; old edition 
number, etc. 

14. ABSTRACT. A brief (approximately 200 words) 
factual summary of the most significant information. 

15. SUBJECT TERMS. Key words or phrases 
identifying major concepts in the report. 

16. SECURITY CLASSIFICATION. Enter security 
classification in accordance with security classification 
regulations, e.g. U, C, S, etc. If this form contains 
classified information, stamp classification level on the 
top and bottom of this page. 

17. LIMITATION OF ABSTRACT. This block must be 
completed to assign a distribution limitation to the 
abstract. Enter UU (Unclassified Unlimited) or SAR 
(Same as Report). An entry in this block is necessary if 
the abstract is to be limited. 

Standard Form 298 Back (Rev. 8/98) 



MOUNTAIN TERRAIN ATMOSPHERIC MODELING ANO OBSERVATIONS 
(MATERHORN) PROGRAM 

Abstract 

The prediction of weather in complex terrain continues to be a difficult chaJlenge due to a host of 
physical and thermodynamic processes and numerical issues involved. While many theoretical 
and observational studies have been conducted on flow over gradually varying low slopes (hills), 
flow over high mountains with steep slopes of practical consequence under di umal forcing still 
remains an understudied topic. The atmospheric boundary layer therein is fo rced by diurnal 
thermal forcing (valley and slope flows), large-scale synoptic influence or a combination thereof, 
and in all cases the boundary layer is replete with interesting sub-grid scale phenomena that are 
paramount for mesoscale modeling. Parameterizations of such processes, reducing model errors 
and their growth, model validations and new technologies for measurements are some of the 
overarching issues that need to be addressed in improving weather predictions in mountainous 
terrain. To this end the MA TERHORN program was conceived in response to the 201 1 
Multidisciplinary University Research Initiative (MURI) of the Department of Defense to 
address scientific issues akin to mountain weather. The participants include the University of 
Notre Dame, Naval Post Graduate School, University of California at Berkeley, University of 
Utah, University of Virginia, Naval Research Laboratory, US Army Dugway Proving Ground 
(DPG) and the Army Researcb Laboratory. The MATERHORN includes a comprehensive field 
experiments (MA TERHORN-X) in the Granite Mountain Atmospheric Test Bed (GMAST) of 
DPG and a fog experiment in the Heber and Salt Lake valleys in Utah . This report presents the 
scientific outcomes and broader impacts of the MA TERHORN project. 



MOUNTAIN TERRAIN A T MOSPRERIC MODELING AND O BSERVATIONS 
(MA TERHORN) PROGRAM 

ONR FY 201 l MURI TOPIC #7: Impro,,ed MeteorologicaJ Modeling in Mountain Terrain 

Project Website: www.nd.edu/-dvnamics/materhorn 

Agency: Ofrice of Naval Research 
(Topic Chiefs: Dr. Ronald J. Ferek and CDR Danie l Eleuterio, PhD) 

Grant Number : # N000 14- l l- l-0709 

Principal Investigator 
Professor I larindra Joseph Fernando 
Wayne and Diana Murdy Endowed Professor of Engineering & Geosciences 
Departments of Civil and Envir-onrnenta l Engineering and Earth 'ciences 
and Aerospace and Mechanical Engineering 
University of Notre Dame. Notre Dame. rN 46556 
Phone: 574-63 1-9346; Fax: 574-63 1-9236 
e-mail: Femando.1O@nd.edu 

MURJ Team 
Naval Post Graduate School (Joshua P. Hacker. Pl, now at CAR) 
University of Cal ifornia. Berkeley (Fotini Katopodes Chow. Pl) 
University of Notre Dame (PT: Harindra J.S. Fernando; Co Pls: Patrick Dunn. Thomas Pratt, and 
Michael Zenk) 
University of Utah (Eric Pardyjak, Pl: co-Pis - Sebast ian Hoch, James Steenburgh, David 
Whiteman. Zhaoxia Pu) 
Universily of Virginia (Stephan F.J. de Wekker, PI) 

Partners with Alternative Funding 
Professors Ben Balsley and Dale Lawrence, University of Colorado, Boulder (Host Notre 

Dame)-Sponsor: Army Research Office to deploy Datahawk UA Ys in MATERHORN- 1 
Or. David Emmitt. Simpson Weather Associates (Hosts: Notre Dame and University of Virgi nia) 

- Sponsor: Army Research Office to deploy TOWDL (Twin Otter Aircraft) in 
MATERHORN-1 

Dr. Yansen Wang, Army Research Office (Host: Notre Dame) - Sponsor: Air Force Weather 
Agency (AFWA) to deploy Leosphere Scanning Lidar in MATERHORN-1 

Unfunded Partners Actively Participating in the P roject (Colla borators) 
Professor Silvana DiSabatino. University ofSelento, Italy; now at University of Bologna (Host: 

Notre Dame) 
Dr. Nick Ovenden and Prof. Julian Hunt University College, London. U.K. (Host: Notre Dame) 
Professor Julian Hunt, University of Cambridge, U.K. (Host Notre Dame) 
Professor Eliezer Kit. Tel Aviv University, lsrael (Host: Notre Dame) 
Professor Semien Sukoriansky (Beer Sheva Uni versity, Israel: Host: University of Notre Dame) 
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Dr. Andrey Grachev, CIRES. NOAA, Boulder, Colorado (Host: Notre Dame) 
Professor Chad Higgins, Oregon State University. Corvallis. Oregon (Host: University of Utah) 
Or. Stefano Serafin, University of Vienna. Austria (Hosts: University of Virginia and University 

of Cali fornia, Berkeley) 
Or. Dorita Rostkier-Edelstein, Environmental Sciences Division. llBR. Israel (Host: Naval 

Postgraduate School) 
Professor Marcus Hult mark, Princeton University (Host: University of Utah) 
Or. David J. Gochis, National Center for Atmospheric Research, USA (Host: University of 

Virginia) 
Professor Daniel F. Nadeau. Polytechnique Montreal, now at Laval University (Host: University 

of Utah) 
Or. Jason Knievel, National Center for Atmospheric Research, USA (Host: University of 

Virginia) 
Yubao Liu. National Center for Atmospheric Research, USA (Host: University of Virginia) 
Protessor Tamas Zsedrovits, Pazmany Peter Catholic University, Hungary (Host: University of 
Notre Dame) 
Professor Peter Baines, Department of Mechanical Engineering, University of Melbourne, (Host: 
University of Notre Dame) 
Or. Katherine A. Lundquist, Lawrence Livermore National Laboratory (Host: UC Berkeley) 

List of Accomplishments 

• The first investigator (kick off) meeting was held on September 8. 2011. at University of Utah. 
A field trip was organized to visit the Granite Mountain Test Bed. More than 40 participants 
j oined the meering (hnp://www3.nd.edul-dynamics/materhom/kickoffineeting.html). 

• The second investigator meeting was held at University of Utah on 17th August 20 12, with 35 
participants (http://ww\v3.nd.edu/-dynamics/materhorn/investigator presentations.html). 

• The MA TERHORN-l Experiment was successfully conducted du ring September 25 to 
October 25, 20 I 2. It dealt with thermally driven flows in mountain terrain in the presence of 
weak synoptic wind. This included the participation of more than 30 field personnel in 
instrument deployment and data acquisition. A host of equipment was deployed, including 
airborne assets such as the Navy Twin Oner (TOWOL) and University of Colorado Data Hawk 
UAVs. 

• WRF real-time forecasting support was conducted during the Fall 20 12 MATERHORN field 
experiment. 

• All the MATERl-IORN-1 data were pre-processed and Quali ty Controlled, and a new server 
system was set up at Notre Dame for che investigators to download data (materhorn.ce.nd.edu). 

• The immersed boundary method in WRF as applied to GMAST terrain was investigated. and 
resolurion and slope criteria to minimize numerical ~rrors due to terrain following coordinate 
transformation were developed. 

• A new drag law (logarithmic) as the bottom boundary condition fo r the immersed boundary 
method in WRF was developed and tested. 

• Large-eddy simulation of intermittent turbulence generation under quiescent conditions in 
Owens Valley us ing SO m grid spacing was conducted. 
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• Two autumns of operational runs by the NCAR 4DWX, performed with 9-member land
surface ensembles of three events, including two from the MA TERHORN-X Fall period, were 
analyzed. They illustrate that tbe existing thermal conductivity parameterization in the WRF 
is inadequate at low soil moisture and that substantial forecast improvements can be obtained 
using an alternative parameterization for low soi l moisture. It also shows that the lack of 
comprehensive and reliable soil-moisture observations on scales consistent with the local 
topography continue to remain an Achilles heel. 

• Ensemble sensitivity runs were completed for Salt Lake City airport and Rocky Mountain wind 
stonn. A localization d1eory was derived, anJ lucalizaliun factors computed. Basic ensemble 
sensitivity methods were evaluated for a fog event in complex terrain . Strengths and 
weaknesses were evaluated and reported. 

• A localization theory for ensemble sensitivities was derived, and localization factors computed. 
The deleterious effects of a widely used approximation were demonstrated, and shown to be 
acute for data voids and in the presence of model error. 

• initial WRF simulations on the interactions of mou11tain and vaJley flows were completed at 
Notre Dame, which helped placing instrumentations for the two MA TERHORN experiments. 
University of Utah is working on high-resolution WRP analysis and data assimilation for 
MATERHORN Fall 2012 IOPs. 

• Laboratory experiments on slope-valley flows have been completed; a criterion for flow 
separation on mountains was derived. New physics delineated in these experiments wiU be 
checked in the MA TERHORN-2 Experiment. 

• Data from a number of previous field studies were analyzed to deduce new information on 
mountain terrain flows. These included the Vertical Transport and Mixing Experiment 
(VTMX) in Salt Lake City, Ballast Experiment in France, Meteo-diffusion experiment in ltaly, 
the Hermosa Park Experiment and TRANSFLEX experiment in Phoenix, Arizona, and the 
Terrain-Induced Rotor Experiment (T-REX) in Owens Valley. California. Most of this initial 
work has been published or js under consideration fo r publication. 

• The engineering and development of a sensor system, simultaneously employing 3 frequencies 
(470 MHz, 915 MHz, and 2.4 GHz) and deploying the system with an automated data 
collection feature at Dugway, were completed. A potential approach for soil moisture 
estimation using a unique form of calibration based on topology knowledge was proposed (an 
invention - has not yet been disclosed). Mathematical models to eva luate this approach are 
being developed. 

• An unmanned aerial vehicle carrying turbulence probes was developed for measurements of 
atmospheric flow from meso- to Kolmogorov scales. All signal processing devices as well as 
algorithms were designed and developed for data processing. The operations of the UAV is 
being moved to White Sands Missile range for convenience of operations. 

• Developed new methods to improve retrieval of surface layer winds from airborne Doppler 
lidar (for NPS Twin Otter data). 

• Developed new methods to determine stationarity in turbulence time series and evaluate 
Monin-Obukhov similarity theory in complex terrain. Analysis was conducted on PBL heights 
during MA TERHORN-1 from 4DWX model output. 
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• Evaluated near-surface temperature and energy balance biases in the WRF, identified error 
sources, and illustrated a pathway to improved land-surface parameterization (see Massey et 
al. 2014). 

• Determined the spatial and temporal variability or soil moisture over the Great Salt Lake desert 
and linked to heterogeneity in atmospheric evaporative process. 

• During both MATERHORN Fall 20 12 and Spring 2013 campaigns, real-time forecasts with 
WRF were executed at high resolution (- J km horizontal grid intervals). initialized four times 
per day (at 00, 06. 18. and 24 UTC). which. as mentioned, supported the go/no-go decisions 
for lOPs. After the field programs, the forecast resulrs were evaluated against high-resolution 
observations, which was particularly helpful in model performance evaluation and devising 
improvemenls (Pu et al. 20 14). 

• The impact of data assimilation and resolution on the predictability of atmospheric conditions 
over complex terrain is being evaluated using the WRF model, with an ensemble Kalman filter 
(EnKF) system developed by NCAR ·s Data Assimilation Research Testbed (DART: Anderson 
et al. 2009), with assimilation of radiosonde and surface mesonet observations of both 
campaigns. A month-long, 3-bourly continuous data assimilation and forecast cycle was 
conducted for evaluating the predictability of near-surface atmospheric conditions over DPG 
(Zhang & Pu 2014). Results illustrated that the quality of EnKF/WRF analysis is generaJly 
reasonable and the short-range (3h) forecast errors are comparable to those ofNCEP's NAM 
forecasts for both I Om wind speed and temperature. With the data assimilation, the model 
reproduced reasonable forecasts of various synoptic and local flows, including 
mountain/valley circulations and a frontal passage. The flow features over different land types 
were also dis tinguished. Diurnally varying model biases were evident, indicative of a model 
inadequacy. 

• Spatial variability of winds and PBL height was analyzed using airborne Doppler wind lidar 
measurements from MA TERHORN-1 . 

• Turbulence Kinetic Energy and turbulent fluxes were analyzed from in-situ measurements of 
the Navy Twin Otter during MA TERHORN- 1. 

• The relative contribution of complex topography and land-surface heterogeneity on the spatial 
variability in PBL height was investigated using large-eddy-simulations. 

• The sensitivily or the 4DWX operational model to the assimilation of wind profiles from the 
airborne Doppler wind lidar was investigated. 

• Near-surface wind. temperature and pressure fie lds from 4DWX were analyzed to identify the 
most favorable regions for the onset of boundary-layer separation. 

• The MA TERHORN-Spring Experiment during May 1-30, 2013. has been completed, which 
dealt with the synoptic flow influence on mountain terrain flows. 

• An unmanned aerial system consisting of a hexa-copter and meteorological sensors was 
developed for collecting vertical profi les of temperature, humidity, and wind from the surface 
to 400 ft AGL. 

• Idealized simulations completed to investigate soil moisture effects over steep terrain (Owens 
Valley) and over roll ing hills. 
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• Lmmersed boundary method validated for flow over flat terrain with a logarithmic drag law 
and surface fluxes. Sloping surfaces are being tested. 

• A new series of experiments on slope/valley flow collisions were initiated in September 2014. 
This follows the acquisition of a new Laser Doppler Velocimetry system for the measurement 
of two velocity components, attached with a Laser-Induced Fluorescence system for the 
measurements of buoyancy fluxes. The experiment is augmented with a state-of-the art Particle 
Image Velocimetry system. The laboratory and field measurements of fluxes due to collisions 
can be directly compared. 

• An efficacy of the triple-Lidar concept for three-dimensional space-time distribution of 
velocity vector was demonstrated. A paper in this regard was published. This is an important 
development of MA TERHORN-T. 

• The combo hot film-sonic anemometer system that was developed for MA TERHORN-T and 
deployed in both MA TERl-IORN experiments (Spring and Fall) adduced new physics of 
stratified turbulence, in that there are small scale production of t urbulence at high wave number 
regime that cannot be resolved by sonic anemometers. This was attributed to the 'critical layer 
absorption' phenomenon active in stratified shear flows, where internal waves are degenerated 
in the critical layer. 

• A new formulation was presented for the ' dividing streamline concept' where now the dividing 
streamline height can be calculated reckoning the effects of velocity shear. A new 
parameterization was proposed to account for shear in approach flow to a mountain, taking 
into account the stratification effects. All these were driven by observations made in 
MA TERHORN experiments. 

• A successful (Fourth) investigator meeting was held at University of Utah, with twenty-seven 
participants. Information and presentations are being posted. 

http://www3.nd.edu/~dynarnics/materhorn/news.php 

• MATERHORN-fog experiment was conducted during January 7, 2015 to March, 31 , 20 15, 
with ten lOPs. The experiment was participated by three MURI institutions: University of 
Utah, University of Notre Dame and University of Virginia. A significant development is the 
participatfon of Environment Canada by providing a comprehensive suite of instrumentation 
and skilled researchers (Ors. Ismael Gultepe and Michael Harwood). NCAR has also provided 
some instrumentation. 

• The MATERHORN-Pog was designed to understand the life cycle of fog events in e ither high
altitude alpine basins (in Heber Valley) or larger-scale urbanized valleys (Salt Lake City). 
Virtually no detailed studies exist on fog formation over complex terrain. The instrumentation 
deployed included tethered- and radio-soundings, several ftux towers, sodars and Lidars and 
different types of particle counters as well as visibility and precipitation measurement 
instrumentation. Analyses are mainly based on observations of ice particle and aerosol spectral 
characteristics, visibility (Vis) due to fog and precipitation, fog ceiling, wind and turbulence, 
radiative fluxes and their divergences. Data of selected fog events were analyzed for extinction 
calculations. Possible ice nucleation (IN) processes were also studied. Assuming that ice fog 
occurs usually when relative humidity with respect to water (RHw) is less than I 00%, a 
relationship between RHi (RH with respect to ice) and Vis was obtained. Based on ice 
microphysical spectral observations, the influence of both ice water content (lWC) and ice 
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crystal number concentration (N1) on the extinction were investigated, and a new 
parameterization was proposed. 

• The distribution and frequency or fog events during the cold season in northern Utah was 
studied using surface Mesowest data from 2004 to 20 14. Fog was identified using the reported 
weather conditions, relative humidity, and visibility. Statistics are performed on daily. 
monthly, and seasonal timescales. Results show that there is significant variabllity among the 
valleys in northern Utah in terms of both quantity and timing of fog events. Jn addition, the 
influence of local, mesoscale conditions on the fog distribution was evident in many stations 
(Hodges & Pu 2015). The controlling factors that contribute to the variability of fog events 
over mountainous northern Utah were also investigated. The outcomes from this study were 
helpfuJ for planning the MA TERHORN-Fog field experiment. 

• During the MATE RH ORN-Fog field experiment (January to March 2015), real-time forecasts 
with WRF were executed by Professor Zhaoxia Pu at high resolution (- l km horizontal grid 
intervals), initialized two times per day (at 00 and 12 UTC), which supported the go/no-go 
decisions for IOPs. After the field programs, the forecast results were evaluated by the 
University of Utah group. The 1nodel outputs were compared against sounding observations at 
both Salt Lake City and Heber City, surface Mesonet data in both Salt Lake and Heber valleys. 
Results were particularly helpful in model performance evaluation (Chachere et al. 2015). 

• Some of the MA TERHORN Pis were invited to participate in the planning of the Perdigao 
ex-periment in Portugal, a complex-terrain field experiment on microscale processes, conducted 
under a European ERANET+ Project called New European Wind Atlas (NEWA). A SPO/EDO 
proposal was submitted to NSF for the participation, and this was a natural extension of the 
MA TERHORN science plans from mesoscale to microscales. The SPO was funded by NSF 
on July 23, 2015, testifying to the success of MATER.HORN and the credibility of the 
MA TERHORN organization and science enterprise. Three MATERHORN Pls participated in 
the SPO/EDO Process. 

• The deployments over the extensive MA TERHORN observations period provided an 
opportunity to observe turbulence over a vast range of background flow and stratification 
conditions. Of particular interest was a stable stratified period ove.r which the flow slowly 
transitioned from an almost laminar flow regime to a fully developed turbulent flow regime. 
During this phase, the combo (combined sonic and hot film) probes revealed an intriguing 
phenomenon - the occurrence of strong bursting events at finer scales that generate turbulence. 
In the absence of bursting. say in convective boundary layer periods or low stabilities, the 
spectra takes the form ofclassical Kolrnogorov turbulence, while the presence of bursting leads 
to a spectral shape resembling that of the bottleneck effect~ where a bump in the spectrum 
appears between the inertial and dissipation subranges. A possible explanation was provided 
for these observations, and the problems associated with measuring dissipation using sonic 
measurements were def ineated (Kit et al. 2017). Following this discovery, the [sraeli 
collaborator received a grant from the Israeli Science Foundation to study this phenomenon 
further. 

• Completed a set ofnurnerical experiments examining the impact of regional-scale soi l moisture 
analysis biases on WRF temperature and stability forecasts over the MATERHORN study 
area. Accounting for these biases significantly improves forecasts over the region, and 
suggests that observations from the recently launched NASA Soil Moisture Active Passive 
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(SMAP) mission could be used to significantly improve forecasts in other arid mountainous 
regions. 

• A novel method was developed to assimilate near-surface winds and temperatures that have 
systematic departures from a model. Because of finite grid spacing (truncation), which affects 
model-simulated boundary layer structure, terrain details, and other sub-grid scale land-surface 
variability, a model prediction and observation can be systematically different even if both are 
perfect within their own atmosphere, respectively, the model and real atmosphere. Inspired by 
satellite observing bias correction. tne difference between predicted observations and a real 
observation as ao observation bias was treated, and a term in the data assimilation forward 
operator that can be optimized in the data assimilation system itself was introduced. Results 
from experiments with a simple model show that the systematic difference between model and 
observation can be corrected in a variety of observing scenarios. It works because the model 
can extract information from the observation, even if the observation does not lie on the model 
attractor. 

• The work on systematic observation error was extended to include systematic model error. 
There are improved analyses and predictions, and simultaneous estimates to the systematic 
observation and model error itself. Results demonstrate a general approach to simultaneous 
observation and model errors, where both are large in complex terrain. The paper has been 
published in Monthly Weather Review (http://joumals.ametsoc.org/doi/abs/10. I l 75/MWR-D-
16-0273. l ). 

• Several implementations of the logarithmic drag faw for surface momentum and heat fluxes 
have been tested inside WRF to determine the most accurate approach, given WRF's pressure
based coordinate system. The methods have been extensively tested for tlow over flat terrain 
with laminar and turbulent flow conditions and different turbulent closure models. The 
implementations are being extended to more general conditions. 

• Idealized simulations of now over Askervein Hill are being used as another testbed for the 
immersed boundary method implementation comparing n0-'slip to a shear-stress 
reconstruction method for log-law boundary conditions. 

• Completed case study analysis of one evening transition and nocturnal boundary layer 
evolution on the East Slope of Granite Mountain. The data indicated the existence of three 
distinct phases: an evening transition governed by the propagation of a shadow front followed 
by a 3-4-h period of almost steady-state boundary layer conditions, with a shallow slope
parallel surface inversion and a pronounced downslope flow. The shallow slope boundary layer 
was very sensitive to ambient flows. During the final phase, which started just before midnight, 
the adjacent valley cold pool repeatedly sloshed up the mountain sidewall, disturbing local 
downsJope flows and causing rapid temperature drops. 

• Completed analysis of counter-gradient heat flu,xes, which were regularly observed over the 
Dugway Pia ya and Sagebrush regions during evening transitions. The transition process is both 
site and height dependent. The temperature gradient sign reversal was found to be a top·down 
process, while the flux reversal occurs nearly simultaneously at all heights. Differences 
between the two sites were primarily due to the different subsurface thermal characteristics at 
the two sites. The combined high volumetric heat capacity and high thermal conductivity at 
the Playa site lead to small vertical temperature gradients that affect the relative magnitude of 
terms in the heat-flux tendency equation. A critical ratio of tne gradient production to buoyant 
production of sensible heat flux is suggested so as to predict the counter-gradient behavior. 
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• Completed analysis soil moisture and evaporation dynamics for the Dugway Playa regions 
during the synoptically active spring period. The results show that following rain events 
decreasing of surface albedo, decreasing Bowen ratio and increasing net radiation sustain a 
powerful positive feedback mechanism promoting large evaporation rates. Additionally. it was 
found that nocturnal evaporation was quite significant during nights following rain events. The 
highest spatial variability in surface soil moisture is found under dry conditions. while strong 
spatjal heterogeneities in evaporation rates are observed following rain events. 

• High-resolution simulations of standard WRF over Granjte Mountain are being setup using 
high-resolution land-surface data with comparison to observations. These will be extended to 
higher resolution with the immersed boundary method when implementation is complete. 

• Grid nesting from WR.F to WRF-fBM has been implemented and is being tested over flat 
terrain. This required updates to WRF's nesting code including many details in the 
parallelization routines. 

• Developed a theoretical approach fo r so il moisture retrieval that is derived from full
polarization measurements. The goal o f lhe approach is to use Fresnel refleclion coefficients 
and propagation statistics along with soil composition characterizations to facilitate soil 
moisture retrieval. The approach is designed to minimize uncertainties due to surface 
roughness. Simulation resu lts indicate the efficacy of the approach, although the methods 
depend upon explicit knowledge of antenna pauerns. Therefore, preliminary conclusions (until 
extensive measurements are collected) are that some form of ca libration will be required for 
the inversion processing. 

• Built-up a fu ll-polarization RF sounding system for comprehensive Rf system measurements 
using a larg~ collection of laboratory equipment to provide range-gated full-polarization 
measurements with beam-forming to permit evaluation, validation. and comparison of 
techniques with different in version methodologies proposed in literature. The purpose of such 
a sounding system is to facilitate comparison of di fferent techniques reported in literature 
(power-based) and polarization techniques that exploit phase coherent signals. The system 
implementation was found to be impractical in preliminary experiments due to the lack of full 
integration of the large number of components. A resolution lo this integration problem is 
provided by a$ IM system acquired by Notre Dame on a DURlP grant. The system is being 
delivered in stages and although the final stage is due to be delivered in 4Q 2018, the system 
in its current state is beginning to be utilized. The system incorporate up to 4 dual-polarized 
transmit antennas (8 transmit ports) and 4 dual-polarized receive antennas (8 receive ports), 
with phase coherence preserved and with an anticipated tun ing capabi lity between I 0 MHz 
and 20 GHz. 

• Lower-cost alternati ves including a (- $15,000) fu ll-polarization sensor system with RF 
calibration offers potential to implement the polaritation techniques being considered in our 
research . In contrast to the original system deployed at Dugway, which involved a single 
transmission, this system is a full-polarization system. In a typical configuratjon. the system 
does not provide range gating. However, on a separate project, an alternative configuration 
has been achieved with radar ranging capabilities. This full dual-polarization radar system is 
capable of Im resolutions that have been used in preliminary field tests. To adapt the system 
to field scale measurements, long integration limes will be required. and so that is a hurdle thal 
will be crossed in the future. 
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• Testing with satellite signals was also considered, where we attempted to utilize inexpensive 
passive receivers to collect Dish satellite energy reflected from the ground. The commercial 
dev ices used to implement the desired approach was inadequate in multiple ways. 
Customization of satellite feeds to obtain synchronous received signals resulted in feeds that 
were operable for only approximately 2 hours. A separate issue was the need for long 
integration times to collect sufficient energy for suitable reflection characterizations. The data 
collection approach requires the use of FPGA-based processing, which was beyond the scope 
of our efforts. Recent equipment from a DURIP will enable such collections, and we are 
beginn ing to bring this system up to operational capability. An RF front ends needed for the 
passive satellite collection will be in place in 4Q of20 17, at which point the methods can be 
re-evaluated . 

• A sophisticated laboratory experiment with a state of the art Particle-Image Velocirnetry 
system and a Laser Induced Fluorescence system was set up to investigate mixing in colliding 
gravity currents. Such collisions were observed in MA TE RH ORN fall (2012) and spring 
(2013) experiments, but the limitations of the instrumentation did not allow quantification of 
mixing efficiencies, posing problems in implementing conditional parameterizations in 
mesoscale model<; to account for collision-induced mixing. The new laboratory experiments 
allowed determination of eddy diffi.Jsivities as a function of governing parameterizations. New 
techniques needed to be developed to analyze such complex experiments with space-time 
inhomogeneities. Two papers, one on the technique has already been resubmitted after 
revisions, and the other presenting the results is being submitted. 

• The analysis of small scale turbulence measured using combo probe systems during the first 
two MA TERJ-IORN experiments continued, after arTiving at an important result that in the 
presence of bursting at large ttequencies (in the high-frequency end of the inertial subrange) 
there is a substantial energy injection. This led to the argutnent that the rate of dissipation of 
turbulence in the atmospheric boundary layer in stratified periods may not be estimated using 
canonical formulae based on the energy cascade assumption. fn addition, rigorous analyses 
conducted using the data has led to some new concepts of turbulence involving velocity 
gradient skewness, especially the modification of it in the presence of bursting. Before this 
wor-k, there were no high quality velocity gradient data obtained with the resolution of 
dissipation scales. 

• Substantial progress was made in the understanding of ice fog formation in complex terrain, 
based on the data of the MA TERJ-IORN-Fog experiment. Five journal papers have been 
published already (Guletepe et al. 2016; Hang et al. 2016; Pu et al. 2016; Hodges & Pu 2016; 
Chachere & Pu 2016), which include as assessment of predictability of fog in the experiment, 
the role of complex terrain processes in modulating flux during the experiments, development 
of microphysical parameterizations and understanding nucleation processes. Climatological 
studies were conducted for the Heber Valley and Salt Lake Valley, which are the two 
experimental areas. 

• A special issue of MA TERJ-lORN studies have been edited and appeared in the journal 
Boundary Layer Meteorology. It is entitled: Mountainous Terrain: Results from 
MATERJ-IORN-X (June 2016, Volume 159, lssue 3; Editor - Silvana Di Sabatino), and 
contained seven papers. This special edition complements the collection of papers in AMS 
journals (Organizer - Zhaoxia Pu). Another special issue focusing on fundamental processes is 
in preparation for the Journal of Environmental Fluid Mechanics (Editor - Eric Pardyjak and 
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Laura Leo). TI1e special Fog Issue edited by Ismael Gultepe has a selection of MA TERHORN 
papers. 

• The participation of MA TERHORN project directly led to other opportunities. In 20 l 6, the 
National Science Foundation funded the Perdigao project, which deals with fine scale 
measurements related to microscale modeling of complex-terrain flows. This is a direct 
extension or the meso-scale emphasis or the MA TERHORN project. Perdigao is the US 
counterpart of a large European Project known as NEWA (New European Wind Atlas), and 
the organizers reached out to tbe MATERHORN Pl to facilitate the US participation. Army 
Research Laboratory (ARL) will also be a part of the Perdigao project, and al ARL it will be 
led by a former MA TERHORN student/post-doc who is now at ARL. Some of the equipment 
procured through the MA TERHORN project will be deployed in Perdigao. Additionally. some 
of the MATERHORN participants are engaged in the WFlP-2 (Wind Forecasting f mprovement 
Project) funded by the Department of Energy, which has a special emphasis on complex terrain 
winds. Some of the MATERHORN participants have been invited to be in the Meteorological 
Review Committee for the 2022 Beijing Olympics. This committee is hosted by the Urban 
Meteorological Institute, Beijing. 

• PI Fernando received a DURIP award to acquire a Triple-Lidar system, which is new 
technology based on the technology development efforts (MA TERHORN-T). The instrument 
is currently developed by Halo Photonics Inc .. UK and is scheduled to be delivered by October 
2016. Another Pl (de Wekker) also received a DURIP to acquire a Doppler Lidar system. In 
all, the MATEHORN Project has helped improve the research infrastructure of participating 
institutions. 

• A suhstantial study on upslope flows has been completed by the Notre Dame group, which 
include theoretical, laboratory experimental and numerical work. This work is in part being 
funded by the U -lsraeli Binational Science Foundation. and the Israeli Pl of the project is a 
former post-doctoral fellow funded by MATERHORN, who is nov a professor at Technion, 
Israel. 

• The ARL participation in MA TERHORN led to a resurgence of complex terrain Atmospheric 
Boundary Layer research at the ARL Atmospheric Sciences Center due to the breadth of 
ARLIMA TERHORN participant scientific collaborations, publications, and conference 
presentations. MATERHORN scientific findings were fundamentally usefiJI as gu idance for 
future complex terrain basic research program formulation efforts at NRL. Furthermore, ARL 
has benefited vastly from MATERHORN - T technology and is continuing to pursue research 
in synchronized Doppler LiDARs and instrumented UAS for implementation in the ARL ·s 
upcoming Meteorological Sensor Array at White Sands Missile Range (POC: Chris Hocul, 
ARL White Sands Missile Range). 

• NCAR 4DWX model output has been analyzed by the University of Virginia group, which 
has been compared with PBL depths simulated for di tferent domains with di t'ferent resolutions. 
Significant overestimations of PBL depths for the coarser domains have been noted. Case 
studies have been conducted to investigate the underlying processes for the overestimation and 
to develop a parameterization for PBL depths in coarse scale models. 

• Six in-house developed low cost weather stations were deployed by the University of Virginia 
Group in MA TERHON-FOG. They revealed the existence of gravity waves during ice-fog 
conditions based on the analysis of l Hz measurements of wind. temperature. humidity. and 
pressure. Further deve lopment of these sensors afoot. 
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• The University of Virginia group continues to develop and test algorithms to detennine winds 
from multi-rotor copter-based measurements. 

• A 17-year surface wind climatology based on available long-term observations at Dugway 
Proving Ground was compiled and analyzed to reveal the multi-scale forcing mechanisms and 
thei r diurnal and seasonal variations in the complex terrain of Northwest Utah. Wind regimes 
were identified that are related to the position of the primary synoptic baroclinic zone in the 
Western United States, interactions of the large scale flow with the Sierra Nevada, and the 
swnmertime thermal low pressure in the lntermountain West. 

• A study investigated the causes of nocturnal large temperature fluctuation observed on the east 
side of Granite Mountain, highlighting the effects of cold air pool displacements along the 
alluvial fans in the complex terrain at Dugway Proving Ground. Under stably stratified 
westerly or southwesterly flow conditions, an orographic wake and an associated vertical axis 
vortex develops on the East Slope of Granite Peak, controlling the position of the large 
temperature gradient associated with the basin cold pool. These phenomena can be resolved 
by high-resolution WRF simulations and is a well-suited test case for future model validations. 

• Clear-air radiative heating and cool ing in the atmospheric surface layer was directly measured 
during MA TERHORN-FOG. The observations indicate that rad iative flux convergence during 
the day contributes substantially to the vertical transport of heat. Further analysis for both clear 
and fog conditions are underway. Nested simulations using standard WRF over Granrte 
Mountain have been completed down to LOO m resolution (with proper choice of grid aspect 
ratio allowing such high horizontal resolution over the steep terrain). Comparisons with field 
data show great sensitivity to soil moisture when trying to capture large temperature 
fluctuations observed in the lee of the mountain wake. Additional lOP dates are being 
investigated. 

• Semi-idealized simulations of thermally driven downslope flows over Granite Mountain have 
been performed by the Berkeley group at 50 m horizontal resolution using the immersed 
boundary method (lBM) in WRF. At this resolution the terrain slope reaches 55 degrees, which 
is too steep for WRFs native terrain-following coordinates to handle. The IBM has been 
coupled with the topographic shading routine in WRF. Comparison with field data shows good 
qualitative agreement and that the movement of the shadow front is correlated with the 
initiation of downslope flows along the slope. 

• Rigorous testing of multiple implementations of the logarithmic drag law for surface 
momentum is being performed in WRF-IBM by the Berkeley group. The most accurate results 
are obtained when a shear stress reconstruction condition and a velocity boundary condition 
are set. This approach shows excellent agreement with expected profiles over flat terrain and 
over an idealized shallow valley. Comparison of other methods used in the literature shows 
that those methods are not able to capture the near-surface velocity profile accurately. 
Debugging and testing continues for different valley geometries. 

• Work continues to enable grid nesting from standard WRF to and IBM domain. Because the 
alignment of the coordinates is different in each setup, the interpolation procedure used to 
transfer information between grids creates imbalances in the atmospheric variables, 
specifically in the standard ' rebalancing' step perfom1ed at initialization in WRF. Detailed 
investigation of the 'side effects' of this interpolation has introduced new potential solution 
paths which are being pursued. 
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• MA TERHORN-Fog field data were used by lhe Utah group to better understand the evolution 
of fog in complex terrain. ln particular, it was possible to gain insight into relationships 
between typical shallow radiation fog, turbulence, and gravity waves ai;sociated with the 
surrounding topography. 

• The unprecedented dataset !Tom the MATERHORN Spring and Fall campaigns, in particular 
those from the East Slope of Granite Mountain were used by the Utah Group to better 
understand the evolution and sensitivity of katabatic flow dynamics to external influences 
during the evening transition. 

• The understanding gained by analyzing the turbulent kinetic energy (TKE) equation in light of 
MATERHORN data by the Utah Group clearly po inted to the importance of considering salient 
terms in the TKE equation when interpreting, modeling and designing Future complex te rrain 
experiments. In particular, the identification o f the fact that vertical buoyancy fluxes in 
katabatic flows can be positive and a source of turbu lent kinetic energy despite that overall 
flow is statically stable was a noteworthy finding. 

• Completed an evaluation of WRF s imulations during the Fall 20 I 2 and Spring 2013 
MA TE RHO RN fie ld campaigns re lative to surface energy balance observations collected over 
contrasting desert shrub and playa land surfaces, identifying an under-prediction of sensible 
heat Ou.xes and over-prediction of ground heal fluxes over the former and an over-prediction 
of latent heat fluxes over the latter. Incorporation of in-situ soil moisture observations and a 
modified soil thermal conductivity parameterization improves the shortcomings over the desert 
shrub, but accurate simulation of the surface energy balance over playa remains challenging. 
Collectively, improvements in the simulated surface energy balance rl!sults in a stronger 
daytime off-playa breeze, but no substantial improvement in I 0-m wind speed and direction 
mean absolute errors. Overall, this work highlights some of the defi<! iencies of land-surface 
modeling over arid land surfaces. 

• An in-depth study on stratified flow over topography was completed at otre Dame using high
resolution AR W-WRM simulations. ew algorithms were developed for tracking streamlines 
using Matlab as a platform, thus enabling investigations on concepts such as dividing 
streamlines as well as model validations using hard-to use Lidar dara. These algorithms are 
available for the use of future users, and a paper in this regard is in preparation. 

• The Office of Naval Research has granted funding to the Earth Observing Laboratory of 
NCAR/UCAR to archive all the MATERHORN field data for the future use of the 
community. This will be available through a spec ial web portal, and the data transfer is 
continuing: https://www.eol.ucar.edu/field projects/materhorn-x. 

• Given the mammoth data set, their col lection from Lhe investigators was challenging and time 
intensive. and considerable effort was needed from the part of N D group to develop this 
database. 

• The special issue in the Journal of Envirorunental Fluid Mechanics is accepting papers, which 
will be the last special issue ofMATERHORN. So far. seven papers are in the review process 
and four more contributions are expected. 

• The paper describing the project "THE MA TERHORN: Unraveling the Intricacies of 
Mountain Weather'' published in the Bulletin of the American Meteorological Society Is listed 
as one of the most highly cited paper by ISi Web of science [quote: As of March/April 2017. 
this highly cited paper received enough citations to place it in the top I% of the academic fie ld 
of Geosciences based on a highly cited threshold for the field and publication year]. 
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• The triple Lidar system funded under a OURIP grant was delivered to University of Notre 
Dame by the manufacturer, Halo Photonics Ltd . This is a result of technology development 
under MATERHOTN. Th is system is first of its kind in the USA. In the delivered system. 
however, the method of communication between Lidars was through hard wiring, which is not 
suitable for field implementation. Therefore, wireless communication system was developed 
in house, which included communication between Lidars through a set of antennas. The system 
was successfully deployed in the Perdigao field experiment in Portugal (May I - June 15. 
20 17). which was an upshot of the MAE RH OR project. National Science Foundation funds 
the Perdigao project. and it deal s with improv ing microscale predictions in complex terrain, 
thus complementing mesoscale focus of MA TERHORN. 

• Notre Dame Group continued data processing and analysis focusing on ups lope flow, mixing 
in stable boundary layers as well fundamental aspects of turbulence. Manuscripts based on 
these studies have already being submitted or awaiting to be submitted. A manuscript based 
on laboratory experiments on collision of gravity currents have been prepared and awaiting 
comments from the authors. This comprehensive study delved into the nonstationary and 
inhomogeneous mixing processes. and involved adaptation of many state of the art data 
processing techniques. 

• Turbulence structure in a deep. strong katabatic 11ow on an extensi e plain near the Meteor 
Crater, Arizona. has been compared to the turbulence structure observed by Grachev et al. 
(20 l 5) in a shallow katabatic flow at Granite Mountain. Turbulence in the deep flow does not 
extend up to the jet maximum height, suggesting that the jet maximum height may not be an 
appropriate non-dimensional height scale for katabatic flows of different depths. Richardson 
number computations provide an explanation for this phenomenon, as stability and shear act 
lo suppress turbulence as Lhe height of the jet maximum is approached. 

• Diagnosed surface energy balance (SEB) components over desert-shrub and playa land 
surfaces, which were subsequently used to validate the WRF SEB. This showed the 
importance or accurate land-surface anal. ses for simulating the SEB over a dryland region. 
but also highlight some significant deficiencies in existing LSMs. especially for simulating 
the SEB over playa. 

• UC Berkeley continued work on nested WRF simulations at I 00 m reso lution to analyze 
vertical axis eddies in the lee of Granile Mountain and associated large temperature 
fluctuations. Detailed comparisons to field lidar data indicate qualitative agreement with the 
model output showing slope flow transitions on the east slope of Granite Mountain. 

• Testing of the WRF-IBM velocity reconstruction rBM method was completed by UCB for 
flow over Askerve in Hill and Bolund Hill, with careful validation between WRF and WRf
IBM results. This velocity reconstruction approach has known errors but is simple to 
implement; errors are small enough to yield quite satisfactory results for these field test cases. 
The WRF-IBM results agree as well as or better than previous terrain-following coordinate 
simulations for the Askervein case. The Bolund case is too steep for terrain-following 
coordinates, but cornparison to fie ld data is quite good. Work continues on testing the more 
accurate hybrid velocity and shear stress reconstruction immersed boundary method. 

• Work continues by the UCB group to enable grid nesting from standard WRF to an I BM 
domain. A new approach was taken to circumvent errors in che total co lumn mass when 
interpolating from one vertical grid to another. by creating a new IBM implementation which 
does not use ghost cells so the total domain height is unchanged. Testing of idealized nested 
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domains has been successful. and work now continues to implement scalar flux conditions at 
the IB surface. 

Program Products - Overall Statistics 

Category 
Organization of Meetings/Special Sessions 
Journal Publications: Published or Accepted 
Journal Papers Submitted or in Revision 
Invited Presentations 
Conference Papers 
Conference Presentations 
Awards 
Recognitions 
Number of Post Docs 
Number of PhD Graduate Students 
Number of MS Graduate Students 
Number of Undergraduate Students 

Total for 2011-2017 
II 
68 
13 
31 
13 
179 
l I 
6 
18 
21 
9 
30 

Organization of Meetings/Special Sessions (Total: 11) 

A special AGU Session on Complex Terrain flows was organized by tephan De Wekker 
(University of Virginia) and Fotini ChO\~ (UC Berkeley). 20 11 Fall Meeting. 

Organized a special session on "Atmospheric Observations in Mountainous Terrain- at the 92nd 
Americun Meteorological Society Annual Meeting, January 22-26, 2012). 

Organization of special session on "Atmospheric boundary layers in complex terrain and over 
ice, snow and vegetated surfaces" at the Davos Atmosphere and Cryosphere Assembly 
(DACA), 8-12 July 2013 by Stephan DeWekker. 

Organized a special session on '·MATERHORN Project'' 94th AM Annual Meeting in 2014, 
Allanta, 2-6 February. by HJS Fernando, Josh Hacker, Eric Pardyjak, Stephen De Wekker 
and Tina Chow. 

Organized a special session on "Research on lmproving Weather Prediction for Mountain 
Terrain'' at the AGU Fall Meeting, 9-13 December 20 13, by Josh Hacker, Eric Pardyjak, 

tephen De Wekker and Tina Chow. 
Organ.ized a special session on '·Observations, PredicLions. and Predictab ility of the Atmosphere 

Over Complex Terrain'' at the AGU Fall Meeting. 15-19 December 20 14 by Josh Hacker, 
1-1.J .S. Fernando and Eric Pardyjak. 

Organized a Special session on: Observations and Predictability of the Atmosphere over 
Comple,x Terrain (Session ID: 8181 ). AGU Fall Meeting. 20 IS by Eric Pardyjak., Daniel 

adeau. Josh Hacker and H.J.S. Fernando. 
Organized a special session on Complex Terrain Flows, 19th Conference on Applications of Air 

Pollution Meteorology, American Meteorological Society. 96°1 Annual Meeting, 20 l 6 (Laura 
Leo and H.J.S. Fernando). 

OrganiLed a special session: Results from lhe Mountain Terrain Atmospheric Modeling and 
Observations {MATERHORN) Project, at the 32nd Conf. on Agricultural and Forest 
Meteorology/22nd Symp. Boundary Layers and Turbulence/ Third Conf. on Atmospheric 
B iogeosciences , 20 - 24 June. 2016 (Erk Pardy jak) 
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Organized a special session on "Complex Terrain Effects" atthe UC Davis Meteorology and 
Climate - Modeling for Air Quality Conference, 16-18 September 2015 (Tina Chow). 

Organjzed a special session on ''Complex Terrain Effects" at the UC Davis Meteorology and 
Climate - Modeling for Air Quality Conference, 13-15 September 2017 (Tina Chow). 

Journal Publications: Published or In Press (Total: 68) 

2012 (3) 
De Wekker, S.F.J ., K.S. Godwin, G.D. Emmitt, and S. Greco, 20 12: Airborne Doppler lidar 

measurements of vaUey flows in complex coastal terrain. J Appl. Meteor. Climatol., 5 l , 
1558-1574 .. doi: http://dx.doi.org/ 10. l l 75/JAMC-D-I 0-05034.1. 

Godwin, K.S., S.F.J. De Wekker, and G.D. Emmitt, 2012: Retdeving winds in the surface layer 
over land using an Airborne Doppler lidar. J Alm. Ocean. Tech. 29, 487-499. doi: http://dx.d 
dings of the Royal Society (Lond) A, 371: 20120213. 

Lozovatsky, I. and Fernando, H.J.S., 20 12: Mixing Efficiency in Natural Flows, Philosophical 
Transactions. Proceedings of the Royal Society (Lond) A, 3 71 : 20120213. 
http://dx.doi.org/ 10.1098/rsta.201 2.0213 

2013 (9) 

Dallman, A., DiSabatino, S. and Fernando, H.J.S., 2013: Flow and Turbulence in an 
Industrial/Suburban Roughness Canopy, Journal of Environmental Fluid Mechanics, 13 (3). 
279-307. 

Fernando, H.J.S. and Pardyjak, E.R., "Field Studies Delve Into the Intricacies of Mow1tain 
Weather,'' Eos, Vol. 94, No. 36. 3 September 2013. 

Fernando, H.J .S., Yerhoef, B., Di Sabatino, S., Leo, L and Park, S., 2013: The Phoenix Evening 
Transit.ion flow Experiment (TRANSFLEX), Boundary-Layer Meteorology, DOI 
I 0.1007/sl 0546-0 12-9795-5. 

Garai, A., J . Kleissl, B. Pardyjak, M. Lothon, and G.-J. Steeneveld, 2013: Surface temperature 
and surface layer turbulence in a convective boundary layer, Boundary-Layer Meteor. , 
148(1), 51-72. 

Nadeau, D.F., Pardyjak, E.R., Higgins, and H., Parlange, M.B., 2013: Similarity scaling over a 
steep alpine slope, Boundary-Layer Meteor., 147(3), 401-419. 

Pu, Z., H. Zhang, and J. A. Anderson, 2013: Ensemble Kalman filter assimilation of near-surface 
observations over complex terrain: Comparison with 3DV AR fo r short-range forecasts . 
Tel/us (A), 65, 19620. doi: http://dx.doi.org/ l0.3402/tellusa.v65i0. l 9620. 

Whiteman, C. D., R. Garibotti, 2013: Rime mushrooms on mountains: Description, formation 
and impacts on mountaineering. Bull. Amer. Meteor Soc., 94, 1319-1327. 

Zhang, H., Z. Pu and X. Zhang, 2013: Examination of errors in near-surface temperature and wind 
from WRF numerical simulations in regions of complex terrain. Wea. Forecasting. 28, 893-
914. doi : http://dx.doi.org/I O. I l 75/WAF-D- 12-00 I 09.1. 

Zhou, 8 . and F.K. Chow, 2013: Nighttime turbulent events in a steep valley: a nested large-eddy 
simulation study, Journal of the Atmospheric Sciences 70(10), 3262-3276. 

2014 (7) 

Blay-Carreras, E., E.R. Pardyjak, D. Pino, D. Alexander, F. Lohou, and M. Lothon, 20 L4: 
Countergradient heat flux observations during the evening transition period, Atmos. Chem. 
Phys., 14, 9077-9085, doi:L0.5 194/acp-14-9077-201 4. 
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Hall, S. J., G. Maurer, S. W. Hoch, R. Taylor, D. R. Bowling, 20l4: Impacts of anthropogenic 
emissions and cold air pools on urban to montane gradients of snowpack ion concentrations in 
the Wasatch Mountains, Utah. Atmos. Environ .. 98, 23 1-24 1 

Lothon. M., F. Lohou. D. Pino. E.R. Pardyjak, J. Reuder, J. Yila-Guerau de Arellano, F'. Couvreux, 
P. Durand, 0. Hartogensis, D. Legain, P. Augustin, r. Faloona, D. Alexander, W. M. 
Angevine, E. Bargain. J. Barrie. E. Bazile, Y. Bezombes, E. Blay-Carreras, A. van de Boer, 
J.L. Boichard, A. Bourdon, A. Butet, B. Campistron, 0. de Coster, J. Cuxart, A. Dabas. C. 
Darbieu, K. Deboudt, H. Delbarre. S. Derrien, P. Flament, M. Fourmentin, A. Garai, F. Gibert. 
B. Gioli , A. Graf. J. Groebner, F. Guichard, M. Jonassen, A. van den Kroonenberg, D. H. 
Lenschow, E. Magliulo, S. Martin, D. Martinez, L. Mastrorillo. A. F. Moene. F. Molinos, E. 
Moulin, H. P. Pietersen, B. Piguet, E. Pique, C. Roman-Casc6n. C. Rufin-Soler, F. Said, M. 
Sast:re-Marugan, Y. Seity, G. J. Steeneveld, P. Toscano, 0. Traulle, D. Tzanos, C. Yagiie, S. 
Wacker, N. Wildmann, A. Zaldei, 2014: The BLLAST field experiment: Boundary-Layer 
Late Afternoon and Sunset Turbulence, Atmo,<;pheric Chemistry and Physics. In Press. 
doi: I 0.5194/acpd-14-l 0789-2014. 

Massey, J. D., W. J. Steenburgh, S. W. Hoch, and J.C. Knievel, 20 14: Sensitivity of near-surface 
temperature forecasts to soil properties over a sparsely vegetated dryland region. Journal of 
Applied Meteorology and Climatology, 53, l 976-1996. 

Monti, P., Fernando, H.J.S and Pri.ncevac, M., 2014: TurbuJence in Katabatic Currents: Waves 
and Small-Scale Processes, Journal of Environmental Fluid Mechanics, 14:43 1-450, DOI 
l 0.1007 /s I 0652-0 14-9348-1. 

Oldroyd, H .. G. Katul, E. Pardyjak, and M. Parlange, 2014: Momentum balance of katabatic flow 
on steep slopes covered with short vegetation, Geophysical Research lellers, DOI: 
I 0.1002/2014GL060313. 

Whiteman, C. D. and S. W. Hoch, 2014: Pseudo-vertical temperature profiles in a broad valley 
from lines of temperature sensors on sidewalls . .Journal of Applied Meteorology and 
Climatology. 53, 2430-2437. 

2015 {18) 

Blay-Carreras, E., E.R. Pardyjak, D. Pino, S.W. Hoch, J. Cuxart, D. Martinez, and J. Reuder, 
Lifted temperature minimum during the atmospheric evening transition, Atmospheric 
Chemistry and Physics. 15, 6981-699 I, 2015. 

Conry. P., Sharma, A .• Potosnak, M., Leo. L., Bensman, E., Hellmann, J. and Fernando, H.J.S., 
2015: Chicago' s Heat Island and Climate Change: Bridging the Scales via Dynamical 
Downscaling, Journal of Applied 1\!feteorofogy and Climatology, 54(7), l430-1448,. 

De Wekker, S.F.J., and M. Kossmann, 2015: Convectjve boundary layer heights over 
mountainous terrain: A review of concepts. Front. Earth Sci., DOI: I 0.3389/ feart.2015 .00077 

Fernando, H.J. S., E. R. Pardyjak, S. Di Sabatino, F. K. Chow, S. F. J. DeWekker, S. W. Hoch, 
J. Hacker, J.C. Pace, T. Pratt, Z. Pu, J. W. Steenburgh. C. D. Whiteman, Y. Wang, D. Zajic .. 
B. Balsley. R. Dimitrova. G . D. Emmitt, C. W. Higgins, J . C. R. Hunt. J. G. Knievel, 0. 
Lawrence, Y. Liu. D. F. Nadeau, E. Kit, B. W. Blomquist, P. Conry, R. S. Coppersmith, E. 
Creegan, M. Felton, A. Grachev, N. Gunawardena, C. Hang, C. M . Hocut, G. Huynh1 M. E. 
Jegl um, 0. Jensen. V. Kulandaivelu , M. Lehner, L. S. Leo, D. Liberzon, J. D. Massey, K. 
McEnemey, S. Pal, T. Price, M. Sghiatti, Z. Silver, M. Thompson, H. Zhang, T. Zsedrovits, 
20 15: The MATERHORN - Unraveling the Lntricacies of Mountain Weather, BAJvIS, doi: 
http://dx.doi.org/ l 0.1175/BAMS-D-13-00131 . 1. 
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Hacker, J. P. and L. Lei, 20 15: Multivariate ensemble sensitivity with localization. Monthly 
Wea1her Review, 143. 2013-2027. doi: http://dx.doi.org/lO.ll 75/MWR-D-14-00309. l 

Hang, C., D.F. Nadeau, D. D. Jensen, S.W. Hoch and E.R. Pardyjak, 2015: Playa soil moisture 
and evaporation dynamics during the MATERHORN field program, Boundary-Layer 
Meteorology, DOI: I 0.1007/s l 0546-015-0058-0. 

Hocut, C.M., Liberzon, D. and Fernando, H..l.S. 2015: Separation of Upslope Flow over a Uniform 
Slope, Journal of Fluid Mechanics, 775, 266_287, 2015 (doi: I 0. 1017/jfrn.2015.298). 

Jeglum, M. E. and S. W. Hoch, 2015: Multiscale Characteristics of Surface Winds in an Area of 
Complex Terrain in Northwest Utah. Journal of Applied Meteorology and Climatology. 55, 
1549-1563, doi: 10. I I 75/JAMC-D-15-0313. 1. 

Leo, L., Fernando, H.J.S and Di Sabatino, S., 2015: "Flow in Complex Terrain with Coastal and 
Urban Intluence," Journal of Environmental Fluid Mechanics, 15, 249-372, DOI 
L0.1007/sl 0652-013-9327-y, 2015. 

Lehner, M., Whiteman, C.D., Hoch, S., Jensen. D., Pardyjak, E., Leo, L., Di Sabatino, S. and 
Fernando, H.J .S .. 2015: A Case Study of the Nocturnal Boundary-Layer Evolution on a 
Slope at the Foot of a Desert Mountain, Journal of Applied Meteorology. 54( 4), 732-751. 

Marjanovic, N., Wharton, S. and F.K. Chow. 2015. rnvestigation of model parameters for high
resolution wind energy forecasting: case studies over simple and complex terrain, Journal of 
Wind Engineering and Industrial Aerodynamics 134( 11 ), l 0-24. 

Oldroyd, H.O., E.R. Pardyjak, H. Huwald, and M.B. Par'lange. 2015: Adapting ti lt corrections 
and the governing flow equations for steep, fully three-dimensional. mountainous terrain, 
Boundary-Layer Meteorology, DOI I 0.1007/s I 0546-015-0066-0. 

Pal, S., S.F.J. De Wekk.er, and G.D. Emmitt, 2015: lnvestigation of the Spatial Variability of the 
Convective Boundary Layer Heights over an Isolated Mountain: Cases from the 
MA TERHORN-2012 Experiment. Journal o.f Applied Meteorology and Climatology, 55, 
1927- 1952. DOl: l0.1175/JAMC-D-15-0277.I 

Pratt, T., Lin, Z., Di Sabatino, S .. Leo, L .. Dodson, N., Stryker, B., Silliman, S., and Fernando, 
H., 2015: Field-Scale Remote Sensing of Soil Moisture based on Polarimetric 
Characterization of Microwave Reflections. Measurement Science and Technology, 26( I 0), 
105801. 

Rihani, J.F., Chow, F.K., and R.M. Maxwell, 2015: Isolating effects of terrain and soil moisture 
heterogeneity on the atmospheric boundary layer: idealized simulations to diagnose land
atmosphere feedbacks. Journal of Advances in Modeling Earlh Systems 7(2). 23 p. 

Serafin, S., S.F.J. De Wekker, and J. Knievel. 2015: A mesoscale model-based climatograpby of 
nocturnal boundary-layer processes over the complex terrain of north-western Utah. 
Boundary-Layer Meleoto/ogy. DOI 10.1007/s I 0546-015-0044-6 

Shaffer, S.R., Fernando, H.J.S., Ovenden, N.C., Moustaoui, M. and Mahalov, A., 2015: 
Simulating meteorological profiJes to study noise propagation from freeways, Applied 
Acoustics, 92, 102-114, 20 15. 

Yecenaj, Z. and S.F.J. De Wekker, 2015: Determination of non-stationarity in the surface layer 
during the T-REX experiment, Quarterly Joirrnal of the Royal Meteorological Society. 
DOC: I 0. 1002/qj.2458. 

2016 (23) 

Babic, N., Z. Vecenaj, and S.F.J. De Wekker, 2016: Flux-variance similarity in complex terrain 
and its sensitivity to different methods to treat non-stationarity . Boundary-Layer Meteorology, 
159, 123-145. DOI I0.1007/sl0546-015-0l l0-0 
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Babic, N, Z . Vecenaj. H. Kozmar, K. Horvath, S.f.J. De Wekker, B. Grisogono. 20 16: On 
Turbulent Fluxes During Strong Winter Bora Wind Events. Boundmy-layer Meleorology. 
158,331-350. DOI 10.1007/sl0546-0 15-0088-7 

Chachere. C.N. and Pu. z .. 2016: Connections Between Cold Air Pools and Mountain Valley Fog 
Events in Salt Lake City, Pure Applied Geophysics, 113: 3 187. doi: IO. l 007/s00024-016-
13 t 6-x 

Daniels. M.H., Lundquist, K.A., Mirocha. J.D., Wiersema. J.D. and F. K. Chm\'. 2016: A new 
vertical grid nesting capability in the Weather Research and Forecasting (WRF) model. 
Monthly Weather Review, 144(10), 3725-3747. 

Dimitrova. Reneta, Zachariah Silver, Tamas Zsedrovits, Christopher M. Hocut, Laura S. Leo, 
Silvana Di Sabatino, and Harindra JS Fernando, 20 I 6: Assessment of Planetary Boundary
Layer Schemes in the Weather Research and Forecasting Mesoscale Model Using 
MATERHORN Field Data Boundary-Layer Meteorology, 159 (3). 589-609. 

Grachev, A.A., Leo, L.S., Di Sabatino, S .. Fernando, H.J .S., Pardyjak, E.R., Fairall, C.W., 2016: 
Structure of Turbulence in Katabatic Flows below and above the Wind-Speed Maximum. 
Boundary layer Meteorology, 159 (3), 469-494, 20 16, DOI I 0.1007/s10546-015-0034-8. 

Gultepe, I., Fernando, H.J .S., Pardyjak, E., Hoch. S. W .. Silver. Z., Creegan, E., Leo, L.S .. P, z .. 
de Wekker S., Hang. C., 2016: An Overview of the MA TERHORN Fog Project Observations 
and Predictability" Pure and Applied Geophysics. 173. (9). 2983-30 I 0 .. 

Hang, C .. Nadeau, D.F .. Gultepe, l., Hoch. S.W .• Roman-Cascon, C Pryor, K.. Fernando, H.J.S .. 
Creegan, E .. Leo, L.. Silver. Z. and Pardyjak. £., "A Case study of the mechanisms modulating 
the evolu1ion of valley fog," Pure Wld Applied Geophysics, 173 (9), 301 I-3030. DOI 
J 0.1007/s00024-016-1370-4. 

Hodges, D. & Pu, Z .. 2016: The Climatology, Frequency. and Distribution of Cold Season Fog 
Events in Northern Utah. Pure Applied GeophysiC.'i, 173, 3197. doi: I 0. t007/s00024-015-
l l 87-6 

Holmes, H. A., J. K. Sriramasamudram, E. R. Pardyjak, and C. D. Whiteman, 2015: Turbulent 
fluxes and pollutant mixing during wintertime air pollution episodes in complex terrain. 
Environ, Science Technology, 49(22),v 13206-1 3214. doi: LO. I 02 l /acs.est.5b026 I 6. 

Jensen, D.D., O.F. Nadeau, S. W. Hoch and E.R. Pardyjak, 2016: Observations of near-surface 
heat flux and temperature profiles through the early evening transition over contrasting 
surfaces, Boundary-layer Meteorology. 159(3), 567-587. DOI: I0.1007/sl0546-015-0067-
z. 

Leo. L.S .. Thompson. M.Y., Di Sabatino. S., and Fernando. H.J.S., 20 16: Stratified flow past a 
hill : Dividing Streamline Concept Revisited, Boundary-Layer Meteorology. 159 (3), 611-634. 

Massey. J. D., W. J. Steenburgh, J.C. Knievel, and W. Y. Y. Cheng. 20 16: Regional soil-moisture 
biases and their influence on WRF model temeprature forecasts over the lntermountain West. 
Weather Forecasting, 3 t, 197-2 t 6. 

Nilsson. E., F. Lohou, M. Lothon, E. Pardyjak, L. Mahrt and C. Darbieu, Turbulence Kinetic 
Energy budget during the afternoon transition - Part I : Observed surface TK.E budget and 
boundary layer description for 10 intensive observation period days. Atmospheric Chemistry' 
and Physics, 16, 8849-8872. 2016. 

Nilsson, E., M. Lothon, F. Lohou, E. Pardyjak, 0. Hartogensis, and C. Darbieu, Turbulence Kinetic 
Energy budget during the afternoon transition - Part 2: A simple TKE model. Atmos. Chem. 
Phys.,_ 16. 8873-8898, 2016. 
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Oldroyd, H.J., E.R. Pardyjak, C.W. Higgins, and M.B. Par[ange, 2016: Buoyant turbulent kinetic 
energy production in steep-slope katabatic flow, Boundary-Layer Meteorology, 
DOI: I 0.1007 /s I 0546-016-0 184-3. 

Pal, S., S.F.J. De Wekker, and G.D. Emmitt, 2016: Investigation of the spatial variabilfty of the 
convective boundary layer heights over an isolated mountain: Cases from the MA TERHORN-
2012 Experiment. Journal of Applied MeJ.eorology and Climatology, 55, 1927- 1952. DOI: 
lO. l l 75/JAMC-D-15-0277.1. 

Palomaki, R.T., N.T. Rose, M. van den Bossche, T.J. Sherman, and S.F.J. De Wekker. 2017: Wind 
estimation in the lower atmosphere using multirotor aircraft. Journal of Atmospheric and 
Oceanic Technology, 34, 1183-1191, https://doi.org/ 10.l 175/JTECH-D-16-0177.l. 

Pu, Z, C. N. Chachere, S. W. Hoch, E. Pardyjak and I. Gultepe, 2016: Numerical Prediction of 
Cold Season Fog Events over Complex Terrain: the Performance of the WRF Model During 
MA TERHORN-Fog and Early Evaluation, Pure and Applied Geophysics, 1 ~22, 

doi: l 0.1007/s00024-016-1375-z. 
Pu, Z., Chachere, C.N., Hoch, S.W., E. Pardyjak, 2016: Numerical Prediction of Cold Season Fog 

Events over Complex Terrain: the Performance of the WRF Model During MATERHORN
Fog and Early Evaluation, Pure and Applied Geophysics, 173, 3165. doi: 10.1007/s00024-
016-1375-z. 

Van den Bossche, M., and S.F.J. De Wekker, 2016: Spatiotemporal variability of surface 
meteorological variables during fog and no-fog events in the Heber Valley~ UT; selected case 
studies from MATERHORN-Fog, Pure and Applied Geophysics, DOI 10. l 007/s00024-016-
1352-6. 

Wile, S.M., Hacker, J.P .. and Chilcoat, K.H .. 2015: The potential utility of high-resolution 
ensemble sensitivity analysis for observation placement during weak flow in complex terrain. 
Weather and Forecasting, 30(6), 1521-1536. 

Wang, Y., Creegan, E., Felton M., Huynh, G., Hocut, C .. Fernando, H.J.S., Hoch, S., Whiteman, 
C.D., 2016: Triple Doppler wind lidar observations during the MATERHORN field project, 
Journal of Applied Remote Sensing, 10(2), 026015, 2016. doi: 10.1117/l.JRS.10.026015. 

2017 (8) 
Babic, N., Z. Vecenaj, S.F.J . De Wekker, 2017: Spectral gap characteristics in a daytime vaJley 

boundary layer. Quarterly Journal of the Royal Meteorological Society. DOI: I 0.1002/qj.3 I 03 
Jeglum, M. E., Hoch, S. W., Jensen, D. D., Dimjtrova, R., and Silver, Z., 2017: Large Temperature 

Fluctuations due to Cold-Air Pool Displacement along the Lee Slope of a Desert Mountain. 
Journal of Applied Meteorology and Climatology, 56( 4 ), I 083-1098. 

Lorente-Plazas, R. and J. P. Hacker, 2017: Observation and Model Bias Estimation in the Presence 
of Either or Both Sources of Error. Monthly Weather Review, https://doi.org/ 1O.l175/MWR
D-1 6-0273.1. 

Jensen, D. D .. Nadeau, D. F. , Hoch, S. W., and Pardyjak, E.R., 2017: The evolution and sensitivity 
of katabatic flow dynamics to external influences through the evening transition. Quarterly 
Journal of the Royal Meteorological Society, 143(702), 423-438. 

Kit, E., Hocut, C.M., Liberzon, D., and Fernando, H.J.S ., 2017: Fine-scale turbulent bursts in 
stable atmospheric boundary layer in complex terrain, Journal of Fluid Mechanics, 
Resubmitted with minor revisions. 

Massey, J.D., W.J. Steenburgh, S. W. Hoch, and D.D. Jensen, 20 l 7: Simulated and observed 
surface energy balance contrasts and resulting playa breezes during the MATERHORN field 
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campaigns. Journal of Applied Meteorology and Clirnatology, doi.org/I 0. I 175/JAMC-D-16-
0161. 56. 915-935. 

Morrison. T.J., Calaf. M .. Fernando, H.J.S., Price, T.J., and Pardyjak, E.R., 2017: A methodology 
for computing spatially and temporally varying surface sensible heat flux from thermal 
imagery, Quarterly Journal of the Royal Meteorological Society. In Press, DOI: 
I 0.1002/qj.31 I 2. 

Pu. Z., 2017: Surface data assimilation and near-surface weatJ1er prediction over complex terrain. 
Book Chapter. "Data Assimilation for Atmospheric, Oceanic and Hydrologic Applications 
(Vol. Ill )". Ed. By S.K. Park and L Xu, Speinger. p2 19-240. DOI 10.1007/978-3-319-43415-
5_1 O.fBook Chapter]. 

Papers Submitted or in Revision (Total: 13) 

Arthur, R.S .. Lundquist, K.A., Mirocha, J.D., Hoch, S.W., and F.K. Chow. 2017: High-resolution 
simulations of downslope flow over complex terrain using WRF-IBM, Journal of 
Environmental Fluid Dynamics, under revision. 

Bao J., Chow, F.K., and K.A. Lundquist, 2017: An immersed boundary method for complex 
terrain simulation in WRF. Monthly Weather Reviewer, submitted. 

Chachere. C. and Z. Pu, 20 l 7: Numerical simulations of an inversion fog event in the salt lake 
valley during the MA TERHORN-Fog Field Campaign. Purl! and Applied Geophysics, 
Submitted. 

Conry, P .. Kit. E .. and Fernando, H.J.S .. 2017: Measurements of mixing parameters in atmospheric 
stably stratified parallel shear tlow, Journal of Enviromnental Fluid Mechanics, submitted 

Ouine, G.J .. and S.F.J. De Wekker, 20 l 7: The effects of horizontal grid spacing on simulated PBL 
depths in an area of complex terrain in Utah, Submitted to Environmental Fluid Mechanics. 

Gunawardena, \1., E. R. Pardyjak, R. Stoll, and A. Khadka, 2017: Development and evaluation of 
an open-source low-cost distributed sensor network for environmental monitoring 
applications, Measurement Science and Technology, Submitted. 

Leo, L., Hocut, C., and Fernando, H.J.S., 2017:Upslope flows in complex terrain: Scaling and 
Observations. Ready to be submitted to Journal of Environmental Fluid Mechanics. 

Nadeau, O.F., H.J. Oldroyd, E.R. Pardyjak, N. Sommer, S. W. Hoch, M.B. Parlange, 2017: Field 
observations of the morning transition over a steep slope in a narrow alpine valley, submitted, 
Journal of Environmental Fluid Dynamics . 

Strycker, 8 ., and T. Pratt, 2017: Retrieval of Soil Moisture Through a time-domain channel 
sounding technique", Journal of Atmospheric and Oceanic Technology. Submitted fo r 
Publication. 

Zhang. H. and Z. Pu, 20 14: Evaluation of an ensemble Kalman filter for analyses and forecasts in 
regions of complex terrain with observations during the MATERHORN field program. 
Monthly Weather Review, Submitted. 

Zhang, f. aml Z. Pu. 2017: Sensitivity of numerical simulations of near-surface atmospheric 
conditions during an ice fog event over heber valley to snow depth and surface 
albedo. Submitted to Journal of Applied Meteorolc>gy and Climatology. 

Zhong, Q .. Fernando, H.J.S .. and Hussain. 20 17: Quantification of mixing by colliding gravity 
currents, Journal of Fluid Mechanics, Submitted for publications. 

Zhong, Q., Hussain, F .. and Fernando, H.J.S., 2017: Application of Phase Averaging to Investigate 
Spasmodic Mixing in Environmental Flows, Journal of Environmental Fluid Mechanics, 
in revision 
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Invited Presentations: (Total: 31) 

2012 (3) 

Fernando, H.J.S. ·'Air Quality at Different Spatia.I Scales: Panel Discussion," Invited Speaker, 5th 
Annual CENSAM (Center for Environmental Sensing and Modeling) Workshop, MlT
Singapore Alliance, Jan 12-13, 2012. 

Fernando. H.J.S., ·'Mixing in Stratified Shear Layers, including the Effects of Topography," 
Invited Speaker, Workshop on Physical Processes in the Bay of Bengal and Monsoon ISO. 5-
7 March, lndian Institute of Sciences, Bangalore, 2012. 

Fernando, H.J.S., Pardyjak, E., Zajic, D., De Wekker, S.J.f ., and Pace, J., The Mountain Terrain 
Atmospheric Modeling and Observations (MATERHORN) Program: The First Field 
Experiment(MATERHORN-Xl), Invited Paper, American Geophysical Union, FalJ Meeting, 
Abstract# Al2D-01 , 2012. 

2013 (2) 

Chow, F.K. 2013. The immersed boundary method: enabling atmospheric simulations over highly 
complex terrain. UC Davis Conference on traversing new terrain in meteorological modeling, 
air quality and dispersion. Davis, California, September 10-1 21 2013. 

Fernando, H.J .S., Bhat, G.N. and Sharma, A. , The Battle of Fluids: Air, Water and Climate, 
Keynote Speaker, 35th l AHR World Congress, Chengdu, China. September 8-13, 2013. 

2014 (6) 

Fernando, H.J.S ., From Laboratory to Climate: Understanding of Multi-scale Processes through 
Observations, Invited Speaker, Memorial Gabriel Chabert d'Hieres Prospective sur la 
nouvelle plate-forme Coriolis, Universite Joseph Fourier, Grenoble, France, 2014. 

Fernando, HJ.S., Urbanization and Climate Change in Urban Metropolises, Hong Kong Jockey 
Club.Advanced Institute Lecture, 12th December, 2014. -

Higgins, C., Future directi.ons in hydrologic measurement. Symposia honoring the Career of Dr. 
Richard Cuenca; Oregon State University, Corvallis OR; 11 April 20 J 4. 

Pardyjak, E.R, ''The MA TERHORN Experiments - Toward Improved Numerical Weather 
Prediction Complex Terrain Environments,'" Dugway Proving Ground, 11 September 20 l 4. 

Pardyjak, E.R., "Studying Multi-scale/Multi-physics Processes in Complex Terrain Environments 
for Improved Numerical Weather Prediction," Princeton University, 16 March 2014. 

Pu, Z. and H. Zhang 2014, Evaluation of High-resolution Surface Analyses and Forecasts with 
Ensemble Kalman Filter Data Assimilation in Regions of Complex Terrain, Invited talk, Asia 
Oceanic Geosciences Society (AOGS) l Ltb Annual Meeting. July 28- August 1, 2014, 
Sapporo, Japan. 

2015 (9) 

fernando, IU.S., Turbulence and Fluxes in the Atmospheric Doundary Layer: Lmplications from 
Urban Street Canyon to Climate Scales, Enr;co Marchi Award Lecture, Italian Hydraulics 
Association, June 12, 2015. 

Fernando, H.J.S., Meteorology and Air Quality in Urban Areas in Complex Terrain: Effects of 
Climate Change and Rapid Expansion, 23rd (Korean Academy for Science and Technology 
International Symposium on "Fine Particles: Causes, Impact and Mitigation", Diamond Hall, 
Plaza Hotel, Seoul. Korea, 17 September 20 15. 
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Fernando, H.J.S .• Urbanization and Climate Change in Urban Metropolises, Distinguished 
Lecture, Hong Kong Jockey Club Advanced lnstitule lecture, Hong Kong University of 
Science and Technology, 12m December, 2014 

Pardyjak, E.R., Overview of the University of Utah Environmental Fluid Dynamics Lab, ARL 
Atmospheric Science Center Workshop 2015, 9-10 Jun 2015, White Sands Missile Range. 

Whiteman. C. D., 2015: Diurnal Mountain Winds. Innsbruck Summer School of Alpine 
Research on Surface-Atmosphere Exchange over Mountainous Terrain. 23-29 August 2015. 
Innsbruck. Austria. Invited talk. 

Whiteman, C. D., 2015: DynamicaUy Driven Flows. Innsbruck Summer School of Alpine 
Research on Surface-Atmosphere Exchange over Mountainous Terrain. 23-29 August 2015. 
Innsbruck, Austria. Invited talk. 

Whiteman, C. D., and R. Garibotti, 2015: Frozen on Peaks - The Geography. Meteorology and 
Physics of Rime Mushrooms. Utah State University Physics Colloquium, 29 September 
2015. Invited talk . 

Whiteman, C. 0., and R. Garibotti, 2015: Southern Patagonia Ice Mushrooms. Innsbruck 
Summer School of Alpine Research on Surface-Atmosphere Exchange over Mountainous 
Terrain. 23-29 August 20 I 5, Innsbruck, Austria. Invited talk. 

Whiteman, C. D., and R. Gariboni. 2015: Southern Patagonia Ice Mushrooms. University of 
Utah OSHER Institute Lunch and Learn. 8 April 2015, Salt Lake City, VT. Invited talk. 

2016 {8) 

Chow, F.K., High-resolution simulations of fl ow over complex terrain: progress and challenges, 
International Conference on Alpine Me1eoro/ogy, Innsbruck, Austria, September 2, 2015. 
[keynote speaker] 

Chow. f .K. 201 5. Challenges for high-resolution simulations of atmospheric flow over complex 
terrain. Abstract NG 138-05 presented at 2015 AGU Fall Meeting. San Francisco. California, 
14-18 December. [lnvited taJk] 

De Wekker, S.F.J.,.2015: Convective boundary layers over mountains. Innsbruck Summer 
School of Alpine Research on Surface-Atmosphere Exchange over Mountainous Terrain. 
23-29 August 20 15, Innsbruck, Austria [Invited talk] 

De Wekker, S.F.J ., 2015: Numerical modeling Mthe atmosphere in complex terrain. fnnsbruck 
Summer School of Alpine Research on Surface-Atmosphere Exchange over Mountainous 
Terrain. 23-29 August 2015, Lnnsbruck, Austria llnvited talkj 

Fernando, H.J.S., Kit, E .. Sukorianski, S. and Hocut, C.M .. Turbulent Bursts in the Stable 
Atmospheric Boundary Layer. IMA Conference on Turbulence, Waves and Mixing, 
Wednesday 6 - Friday 8 July 2016. King· s College Cambridge. UK. 20 16. [Invited talk] 

Fernando, H.J.S., Hacker, J., Katopodes Chow. F., Pardyjak. E., and de Wekker, S.F.J., The 
Mountain Terrain Atmospheric MQdeling and Observations (MATERHORN) Program 
(201 1-2016). 20th Annual George Mason University (GMU) Conference on Atmospheric 
Transport and Dispersion Modeling, GM U Fairfax, Virginia June 14-16, 20 t 6. [Invited talk] 

Pardyjak, E.R .. "Transitional and stable boundary-layer processes in complex terrain during the 
MATERHORN field campaign," Laboratoire d'Aerologie, L'Observatoire Midi-Pyrenees 
(OMP). l'Universitc Toulouse ITT - Paul Sabatier (UPS), Toulouse, France, I December 2016 
[Tnvited Talk). 

Pu, Z .. Surface data assimilation and near surface weather forecasting over complex terrain . 
AOGS 13lh Annual Meeting. 31 July to 5 Aug, 20 16, Beijing, China. [Invited talk] 
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2017 (3) 
Fernando, H.J .S., Climate Change in Cities, invited Speaker, Workshop on Urban Microclimate: 

From Research to Application, Singapore, 26th Apri l, 2017 [Invited keynote speaker]. 

Pardyjak, E.R., •·Investigating spatial heterogeneity of thermal circulations and turbulence in 
complex terrain," ACfNN Seminar, University of Innsbruck, Austria, 17 May 2017. 

Pu. Z., Invited Speaker, Numerical prediction and data assimilation over complex terrain: 
Lessons learned from MATER.HORN. pt Workshop for Mountain Terrain Atmsopberic 
Observations and Modeling (MOUNTAOM WS-J ). 2 1-23 June 2017. Beijing, China 
[lnvited Talk] 

Conference Papers (Total: 13) 

2011 (2) 
Fernando, H.J.S., Leo, S.L., DiSabatino, S., Dallman, A. "Evening Transition in lnland and 

Coastal Mountainous Terrain," AMS 91 st Annual Meeting, 23-27 January. Seattle, WA, paper 
4.5, January 2011. 

Monti, P .. Fernando, H.J.S . and Princevac, M., "Waves and Turbulence Contributions to 
Stratified Turbulence in Katabatic Flows," Proceedings. 7th International Symposium of 
Stratified Flows, (Ed. A. Cenedese), 22-26 August, 20 11 . 

2012 (5) 

De Wekker. S.F.J., 20l2: Convective Boundary Layer Heights in Mountainous Terrain. New 
Insights From Observatjons in the Appalachian Mountains. 17th AMS Conference on Air 
Pollution Meteorology with the A&WMA, New Orleans, LA, 22-26 January 2012. 

DiSabatino, S., Leo, L., Liberzon, D., Retallack, C., Coppersmich, R.S., Sentic, S., Huq, P., Hocut, 
C., Fernando, S. and Fernando, H.J.S., Evening Transition of Atmospheric Boundary Layer 
(ABL) in Heterogeneous Flat Te1Tain." American Meteorological Society 92°d Annual 
Meeting, New Orleans, 20 12 

Fernando, H.J.S. The Mount~in Terrain Atmospheric MQdeling and Observations 
(MATERHORN) Program: An Overview, Extended Abstract, American Meteorological 
Society 92°d Annual Meeting, New Orleans. Paper 1 1 . 12, 2012. 

Leo, L., DiSabatino, S. and Fernando, H.J.S., Flow in Complex Terrain with Coastal and Urban 
Influence, American Meteorological Society 92°0 Annual Meeting, New Orleans, Paper l l.1 , 
20 12. 

Simon, J.S., K.A. Lundquist, and F.K. Chow. 2012. Application of the immersed boundary method 
to simulations of flow over steep, mountainous terrain. Paper 45. 15th Conference on Mountain 
Meteorology, American Meteorological Society, 9 pages. 

2014 (1) 

Wiersema, D.J., Lundquist, K.A., and F.K. Chow. 2014. Enabling multi-scale simulations in WRF 
through vertical grid nesting. Paper 98.5. 21st Symposium on Boundmy Layers and 
Turbulence, American Meteorological Society, 9 pages. 
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2016 {3) 
Arthur, R. S., Lundquist, K. A., Mirocha, J . D., Hoch, S. W., & Chow. F. K. 7.6 High-resolution 
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Ann DalJman -Second place for the Best Student Oral Presentation, 92nd Annual Meeting of the 
American Meteorological Society, l 7t11 Conference on Air Pollution Meteorology, Jan 22-26, 
New Orleans, 2012. 

Christopher Hocut, Bes/ Overall Presentation, 92"d Annual Meeting of the American 
Meteorological Society, 17th Conference on Air Pollution Meteorology, Jan 22-26. New 
Orleans, 2012. 

Jeff Massey, 3rd place, Best Student Poster, 151.h Con fore nee on Mountain Meteorology. 
Jeff Massey. Best Student Oral Presentation, 181h Joint Conference on the Applications of Air 

Pollution Meteorology. 
Mark Sghiatti - Second place for the Best Student Posler Presentation. 93rd Annual Meeting of 

the American Meteorological Society, 1 gth Joint Conference 011 the Applications of Air 
Pollution Meteorology with the A&WMA, Atlanta, GA, 3-7 February 2014. 

C. David Whiteman, American Meteorological Society. Mountain Meteorology Award 2014. 
Bowen Zhou - 3rd place - best oral presentation al 15th AMS Mountain Meteorology Conference. 

2014. 
H.J.S. Fernando. Enrico Marchi Award, Italian Hydraulics Association. 2015. 
Fotina Katopodes Chow, Henry G. Houghton Award. American Meteorological Society, 20 I 5. 
Patrick Conry; Outstanding Student Paper Award. American Meteorological ociety, 96th 

Annual Meeting, Atlanta, Jan l 0-14, 2016. 
Zachariah Silver, First Prize, l9th Conference on Air Pollution Meteorology. 96Lh Annual 

Meeting, Atlanta, Jan I 0-14, 2016 

Recognitions (Total: 6) 

H.J.S. Fernando was elected as Fellow, American Association for the Advancement of Science 
(AAAS), 2012. 

H.J.S. Fernando was Awarded Doctor Honoris Causa, Universite Joseph Fourier (University of 
Grenoble), France, 20 I 4. 

H.J .S. Fernando. Awarded Doctor of Laws. Honoris Causa, by University of Dundee, Scotland. 
2016. 

H.J .S. Fernando. Nels Nelson Distinguished Lecture. University of Minnesota, 20 16. 
H.J.S. Fernando, Borland Hydraulics Lecture Award, Hydrology Days Conference. 20 l 7. 
H.J.S. Fernando, 49th Annual Alan Berman Research Publication Award. Naval Research 
Laboratory, 20 17. 

Number of Post Docs (Total: 18) 

Dan Liberzon 
Laura Leo 
Charles Retallack 
Raquel Lorente-Plazas 
Chris Hocut 
Dr. Qiang Zhang 
Tamas Zsedrovits 
Raghavendra Krishnamurty 

2010 June -2012 July University of Notre Dame 
20 11 August - continuing as RAP University of Notre Dame 
2011 June -2012 October University of Notre Dame 
20 14 August - 2016 August Un iversity ofNotre Dame 
20 14 January - June 2015. ARL Post docfNotre Dame 
September 2014 - continuing University of Notre Dame 
May 2013 to September 2013 University of Notre Dame 
August 2016 - continuing University of Notre Dame 
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Raquel Lorente 
Zeljko Vecenai 
Sandip Pal 
Jared Lee 
Walter Kolczynski 
Vigneshwaran Ku landaivelu 
Manuela Lehner 
Michael van den Bossche 
Gert-Jan Duine 
Robert Arthur 

August 20 14-2017 
March-September 20 12 
February 2013 - August 20 15 
2013-2014 
2013-2013 
2012-2014 
Part time. FY lJ-14 
January 2014 - present 
March 20 l 6- present 
Oct 2015-F~b 20 l 7 

Notre Damc/NCAR 
University of Virginia 
University of Virginia 
Naval Postgraduate School 
Naval Postgraduate School 
Universiry of Utah 
University of Utah 
University of Virginia 
Univer ity of Virginia 
U. California. Berkeley 

Number of Graduate Students (Total: 21 Phn Students, 9 MS Students) 

Jordan Bryant MS University of Notre Dame Esteem Fellow 
Catherine Chachere MS University of Utah MS 2016 completed 
Zi Lin MS University of Notre Dame MS 2014 completed 
Kelly McEnerney MS University of Notre Dame M 20 14 Completed 
Ross Palomaki MS University of Virginia partial support 
Mark Sghiarti MS University of Virginia MS 2016 completed 
Yinjie Sun MS University of Notre Dame MS 2013 completed 
Michael Thompson MS University of Notre Dame MS 2014 completed 
Xuebo Zhang MS University of Utah partial support 

Nevio Babic PhD 
Jingyi Bao PhD 
Estel Blay Carreras PhD 
Carlos Roman Cascon PhD 
Patrick Conry PhD 
Ehsan Erfani PhD 
N ipun Gunawardena PhD 
Chaoxun Hang PhD 
Christopher Hocul PhD 
Maj. Paul Homan PhD 
Matthew Jeglum PhD 
Derek Jensen PhD 
Jeff Massey PhD 
Alexei Perelet PhD 
Zachariah Si lver PhD 
Jason Simon PhD 
Alex Anderson-Connolly PhD 
Capt. Sean Wile PhD 
Hao Waag PhD 
Hailing Zhang PhD 

University of Virginia 
University of California. Berkeley 
University of Utah 
University of Utah 
University of Notre Dame 
University of Virginia 
University of Utah 
University of Utah 
University of Notre Dame 
Naval Postgraduate School 
University of Utah 
University of Utah 
Unjversity of Utah 
University of Utah 
University of Notre Dame 
University of California, Oerkeley 
University of California, Berkeley 
Naval Postgraduate School 
University of Notre Dame 
University of Utah 
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partial support 

visiting student 
visiting student 
NDSEG, PhD 2017 
January-April 2012 
partial support 
PhD 2017 completed 
PhD 2014 completed 

PhD 2016 completed 
PhD 2016 completed 
PhD 2015 completed 
partial support 
PhD 20 16 completed 
(until July 2013) 

partial support 



Number of Undergraduate Students (Total: 30) 

Greg Brownell 
Jordan Bryant 
Patrick Conry 
Ian deBoisblanc 
Nikita Dodbele 
Saban Fernando 
Nipun Gunawardena 
Andrew Harper 
James Herrick 
Mike Higginson 
Derek Hodges 
Christan I lolbert 
/\my Kryston 
Lee Kussmann 
Gage Morrow 
Rahul Mukherji 
Ma,x Newman 
Kevin Peters 
Jasris Rapia 
Nathan Rose 
Thomas Sherman 
Rich Strebinger 
Kristin tryker 
Capt. Samuel While 
Santiago Espinoza Wilde 
Stef Broadel 
Kelly Valenzi 
Lu is Fernandez 
John Salvadore 
Patrick Scholl 

University of Notre Dame 2012 
University of Notre Dame current 
University ofNotre Dame 0611 1to 01 / 13 
University of Virginia summer 2013 
University of Virginia summer 2013 
University of Notre Dame summer 2012 
University of Ucah 20I2/2013 
University of Notre Dame current 
University of Notre Dame 2014 
University of Notre Dame 2012 
University of Utah summer 2014 
University of Utah 2012 
University of Notre Dame (Gonzaga University). summer 2015 
University of Virginia summer 2013 
University of Virginia summer 2014 
University ofVi rginia summer20 13 
University of Virginia summer 20 13 
University of Notre Dame 2012 
University of Notre Dame 20 13 
University of Virginia January-August 2015 
University of Virginia January-April 20 15 
University of Notre Dame 2012 
University of Notre Dame 2012 
University ofNoLre Dame current 
University of Notre Dame 2014 summer and Fall , 2015 
University of Notre Dame 2016 summer 
University of Notre Dame 2016 summer (Slatt Fellow) 
University of Notre Dame 2017 summer (Slatt Fellow) 
University of Notre Dame 2017 summer (Slatt Fellow) 
University of California, Berkeley 2016, 20 17 summer 
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